tory-heart rate response (RHR) since the mid nineteenth century1) but a very little work has been done to study respiratory variations in the conduction time that may exist with the heart rate variation. Beat to beat variation in the P-R interval in ECG is clearly observed in clinical conditions such as 
METHOD
Fourteen mongrel dogs weighing from 6 to 13Kg. were used and divided into 3 groups: (I)unanesthetized, (II)anesthetized only with alpha-chloralose, (III) anesthetized with pentobarbital sodium. In the Groups I and II, preparatory operation was performed; each of the 3 bipolar silver electrodes was sutured on the epicardial surface of both atria and anterior wall of left ventricle respectively after exposing the heart. The codes from electrodes were kept out of the thorax and chest was closed. One to 2 weeks after the operation, epicardial electrograms on the right atrium (R), left atrium (L), and ventricle (V) were registered simultaneously with Lead 2 of ECG, pneumogram and, in some cases, with right atrial pressure wave (Fig.1 A) . The respiration was recorded by a thermister near the muzzle or in one of the short arms of the tracheal cannula. These variables were recorded in unrestrained quiet state in Group I and in the state of slight surgical anesthesia with palpebral reflex produced by intravenous injection of alpha-chloralose (50mg./Kg. body weight) and additional drip injection to maintain the stationary state in Group II. As for Group III, in addition to recording in closed chest, experiment in opened chest was also performed; each was anesthetized with pentobarbital sodium (Nembutal 25mg./Kg. body weight), the trachea was intubated and the lungs were ventilated with intermittent positive pressure from respirator. Then the heart was exposed. Three or 4 coaxial suction electrodes5) were used in recording the monophasic potentials simultaneously from the both atria and ventricles (Fig.9 A) .
The changes in surface electrogram, ECG, monophasic potentials and pneumogram were fed into a conventional highgain differential D-C amplifier and biophysical amplifier and recorded into the magnetic tape recorder (RM360, Nihon Kohden). After exchanging the spike (intrinsic deflection) of the electrogram or upright of monophasic action potential into standard square pulse, triggering device of oscilloscope and then photographing method on moving film of the displayed pulses were utilized to resister the successive delicate changes of the conduction time, For example, the instantaneous "R-V" interval, presenting delay in excitation between 2 sites of right atrium and ventricle, was registered along a vertical No.6 ATRIOVENTRICULAR CONDUCTION TIME 561
axis by "point" or "bar" as in Fig.1 B and C. In part, it was obtained by direct manual measuring of the original record by 6 channel photographing recorder. The paper speed was 100 or 200mm. per sec.
In addition to the recording in the spontaneous sinus rhythm, artificial rhythm and/or several pharmacological procedures were made. For the former, right atrium was paced with square-wave pulses of 2.5msec. in width and of twofold intensity of threshold in constant frequency through the electrode fixed on the right atrial surface.
To arrest respiratory movement succinylcholine chloride (SCC) 0.25mg./Kg. body weight was given intraveneously. Propranolol 0.5mg./Kg. body weight was used as adrenergic blocking agent. Thirty min. after propranolol, parasympathetic blockade was induced with 0.05mg. body weight of atropin sulphate intravenously. Effect of vagotomy was studied by cutting the vagus nerve high in the neck unilaterally or bilaterally. Vagal stimulation was made only in Group III. The right peripheral trank was placed in bipolar silver electrode and stimulated with square pulse shocks of 5msec. in pulse width and 20cycle/sec. in frequency by an electronic stimulator. The intensity of stimulation was changed from 2 to 16 volts. interatrial delay in the excitation (R-L), no significant respiratory variation was detected. The variation may be termed as "respiratory-conduction time response" (RCR), the same way as respiratory change in heart rate is termed "respiratory-heart rate response" (RHR).6) The R-V delay shortened during inspiratory phase, began to prolong abruptly at the beginning of expiration, and reached to the maximum during expiration and then shortened gradually till late inspirium. Fig.2 shows the relation between the variation in the R-V interval (RCR) and in R-R interval (RHR) in 2 examples. While the R-R prolonged during expiration, the corresponding R-V also increased and both shortened during inspiratory phase. There was the highest correlation between 2 variables, in any case, when R-V was plotted either against the corresponding R-R, for example, as in left case in Fig.2 , or against the preceding R-R as in right case in Fig.2 . Variation in conduction time in RCR, thus, was almost in phase with that in the excitation interval of right atrium. Amplitude of R-V variation ranged from 11.8 to 23.6msec.
(mean 14.7msec.) as shown in Table I . This corresponded to about 2 to 10 per cent (mean 3.8 per cent) of amplitude of R-R variation. The R-V/ R-R ratio in amplitude showed the smaller value in the case with larger R-R amplitude i.e. with the more predominant RHR. When the degree of RCR was expressed in standard deviation in R-V variation, it ranged from 4.5 to 9.8msec., which also corresponded to about 2 to 11 per cent (mean 5.2 per cent) of standard deviation in R-R variation. J ap. Heart J. November, 1970 interval in atrial pacing (c). This difference indicates the existence of phasic variation in A-V. In fact, the A-V variation during pacing was clearly observed. Moreover, its variation during pacing with constant atrial rate is larger than that during spontaneous sinus rhythm in all cases, as shown in the example in Fig.3B . Delay between the beginning of P wave in ECG and ventricular excitation (P-V) showed the same change as in the A-V change (Fig.3B, right) . The clear RCR described above was uncleared or disappeared on body movement even in the presence of normal spontaneous respiration. In 4 (Fig.4) . rapid pacing before atropin, A-V block occurred frequently but was never observed during inspiration. Moreover, the A-V block was not of Wenckebach type but A-V shortened during inspiratory phase (Fig.6B, Left) . In this situation intraatrial conduction time also showed no significant respiratory variation.
Cervical vagotomy was performed under existence of RCR in Group II. Unilateral vagotomy, right or left, caused tachycardia and temporary disappearance of RCR as well as RHR, but, thereafter, irregular RCR reappeared as RHR became apparent again. Statistical analysis about difference between results after left and right vagotomy could not be made because of a very few number of cases examined. However, it was impressive that, after left vagotomy, R-V variation was less predominant, while R-R variation was more conspicuous. In this situation, the clear RCR was manifested when the heart rate was kept constant by pacing, as seen in Fig.7A . This figure also indicates that RCR disappeared when apnea, inferred to be of central origin, occurred inadvertently. After another reserved vagus was sectioned, variation in both R-V and R-R was abolished; both intervals were shortened into constant values (Fig.7B ).
Observation in Group III.
Under this condition, respiratory variation in R-R or R-V was neither found in the closed chest dogs with spontaneous respiration nor in the opened chest ones under artificial respiration. In the former situation, both RCR and RHR appeared gradually as the dog became free from the anesthesia. Fig.8 shows the original monophasic potentials recorded in the latter situation. In these opened chest dogs, no respiratory variation was detected in intraatrial, interatrial or atrioventricular delay in excitation. RCR was not also discovered on pacing with constant rate (Fig.8B) . Variation within approximately 1msec. seen in this figure is not synchronized with respiratory cycle at all but originated from technical error. This figure also shows effect of changing heart rate on the conduction time. From result obtained in 7 cases, it was clarified that A-V prolonged when the pacing rate was increased, and shortened when it was decreased. Its effect on A-R and A-L was insignificant; these changes were within only 3msec. and no uniform relationship between A-R or A-L conduction time and the heart rate was found.
Effect of vagal stimulation on conduction time was investigated in 5 opened chest dogs after cutting both vagi. In order to eliminate factor depending on the heart rate change, a site of right atrium (marked with "1" in Fig.8A ) was paced with constant stimulus interval. Fig.9 , left, represents that intraatrial conduction time (A-R) tends to shorten slightly while A-V prolongs remarkably as the stimulus is intensified gradually. However, as seen in Fig.9 , right, when the stimulus of constant intensity was relatively strong, A-R shortened immediately after onset of stimulation and then its shortening was followed by a phase of its prolongation, which was accompanied by partial atrioventricular block. After the block dissappeared naturally, A-V shortening recurred. The same series of change was repeated during the next experiments which showed much stronger stimulation. Re-J ap. Heart J. (2)When the stimulus intensity was increased or decreased abruptly, more remarkable but temporary shortening or prolongation in A-R and A-L were observed respectively. (3)However, their changes were within 6% of the mean conduction time, which was so minute comparing with the A-V change occurring simultaneously. (4)A-V always prolonged markedly on the vagal stimulation until its rate of prolongation reached to 35 to 50% of control value before stimulation, when the block developed. (5)After the block disappeared, A-V rather prolonged and showed a certain beat to beat variation unrelated to respiratory cycle (Fig.9B ).
DISCUSSION
Similarities of RCR with RHR. R-V variation coincident with respiration in this study (RCR) was in phase with R-R variation (RHR) and both phenomena disappeared by pentobarbital anesthesia. Moreover, RCR had other similarities with RHR that both persisted following beta adrenergic blockade and were abolished either by atropin or bilateral vagotomies. From these observations, it is evident that vagus nerve activity has an important role on the mechanism of RCR. As for RHR, there exists a considerable literature on its mechanism; it is generally explained by waxing and waning of vagal efferent activity by many investigators8)-11) though it is reported that sympathetic outflow to the heart associated with respiration is also present.6),12) Since atrial proprior muscle and atrioventricular region as well as sinoatrial node were innervated by vagus nerve, variation in the vagal efferent activity (Table  I) .
In some cases, variation of R-V was not consistent with that of R-R. When the transient shortening of R-R occurred, rather prolonged R-V was recorded (Fig.4) . In case with the very long R-R, the simultaneous change of R-V and R-R was disturbed frequently. (3)R-V variation accentuated when the spontaneous rhythm was replaced by artificial rhythm. Namely, RCR became prominent when the factor of changing in the heart rate was eliminated (Fig.3) . Considering these findings, the possibility cannot be neglected that the variation in the excitation interval (R-R) may influence on the conduction of impulse from atrium to ventricle in every cardiac beat.
In Group III, in which neither RCR nor RHR was observed in spontaneous sinus rhythm, no significant change of intraatrial conduction time on changing heart rate from 120 to 240/min. was found. It is reported that increase of pacing rate results in decrease of the conduction velocity in isolated atrial muscle.21), 22) In experiment in situ, however, no decrease in conduction velocity has been found until the heart rate is increased to 35023) or to 250,24) and these are consistent with our results. On the contrary, "A-V" delay prolonged on increasing pacing rate over 120/min. The same results have also been reported concerning P-Q interval in ECG.25),26) These findings suggest that shortening of the excitation interval causes to prolong the conduction time in the atrioventricular transmission system and that its influence on the intraatrial conduction time can be neglected. But for the direct effect of the vagal activity on the atrioventricular node, therefore, cardiac acceleration and deceleration accompanying inspiration and expiration would result in causing the relative prolongation and shortening in the atrioventricular conduction time, respectively. In other words, this heart rate change-dependent factor in the mechanism of RCR must act in opposite directions to the direct dromotropic action of vagal activity to the atrioventricular node. While change in the heart rate itself accompanying respiration also results from fluctuation in efferent vagal activity with negative chronotropic action, the vagus nerve is considered to have 2 actions toward the atrioventricular node: negative dromotropism, directly, and chronotropic positive dromotropism, indirectly. It seems reasonable to conclude that RCR is explained mainly by the manifest origin due to fluctuation of the efferent vagal activity to the atrioventricular node and in part by latent factor dependent on the heart rate change itself. This inference is not contradictory to 3 informations described above but rather indicate the case as it stands.
Many researches have been made for the afferent and central mechanisms responsible for RHR. It is attributed to the bombardment of cardioregulatory (cardioinhibitory) center in the medulla from:
(1) medullary respiratory (inspiratory) center,9),12) (2) pressure receptors located in the carotid sinus and aortic arch27) which respond to the transient change in blood pressure occurring with respiration, (3)stretch receptors in the lung,8),9),28) (4)right heart volume receptors (the Bainbridge reflex).29),30) Enough information to explain the central and afferent mechanism responsible for RCR was not obtained in this study. However, persistence of both RCR and RHR during absence of breathing movement following injection of peripheral blocking agent indicates that the observed RCR can exist without all of mechanisms (2), (3) and (4) . RCR disappeared during central apnea which was thought to result from temporary inactivity of respiratory center. This finding shows that the mechanism (1)is responsible for the appearance of RCR in physiological condition. Namely, it is supposed that phasic inhibition of cardioinhibitory center from inspiratory center during inspiratory phase is directly responsible for occurrence of waning of the efferent cardiac vagal activities. Koepchen27) and Iriuchijima11) reported that respiratory sinus arrhythmia results from the phasic central inhibition during inspiration of the reflexive cardiac vagal activity sustained by carotid sinus reflex (vagal restraint) and that respiratory variation in the afferent impulse from the sinus is not prerequisite to this phenomenon. Our observations on RCR support their explanation on RHR.
